Preliminary clinical experience with polyetheretherketone cages filled with synthetic crystallic semihydrate form of calcium sulfate for anterior cervical discectomy and fusion  by Chang, Ming-Yuan et al.
Formosan Journal of Surgery (2013) 46, 109e115Available online at www.sciencedirect.com
journal homepage: www.e-f js .comORIGINAL ARTICLEPreliminary clinical experience with
polyetheretherketone cages filled with
synthetic crystallic semihydrate form of
calcium sulfate for anterior cervical
discectomy and fusionMing-Yuan Chang a, Ming-Hong Chen a,b, Chih-Ju Chang a,
Jing-Shan Huang a,*aDivision of Neurosurgery, Department of Surgery, Cathay General Hospital, Taipei, Taiwan
b Institute of Biomedical Engineering, National Yang-Ming University, Taipei, TaiwanReceived 17 September 2012; received in revised form 13 March 2013; accepted 16 April 2013
Available online 22 August 2013KEYWORDS
anterior cervical
fusion;
calcium sulfate;
PEEK cage* Corresponding author. Division of N
Taipei 106, Taiwan.
E-mail address: jingshanhuang331@
1682-606X/$ - see front matter Copyr
http://dx.doi.org/10.1016/j.fjs.2013.Summary Purpose: Performing an anterior cervical discectomy by an interbody fusion is one of
the surgical procedures for the treatment of cervical degenerative disc disease. Although high
fusion rates have been reported with autogenous bone grafts, the immediate and long-term
morbidity associated with an iliac crest harvest is well recognized. The objective of this study
was to assess the efficacy of polyetheretherketone (PEEK) cages filled with a synthetic crystallic
semihydrate form of calcium sulfate for an anterior cervical discectomy and fusion (ACDF).
Methods: Twenty-four patients treated with an ACDF using PEEK cages with Stimulan at 27
various levels of the cervical spine, some patients at more than one level, were prospectively
evaluated with a minimum of 12-month follow-up (mean: 18.4 months). The cervical lordosis
and fusion status were assessed with radiographs including cervical spine plain films and a
computed tomography scan. New bone formation was divided into three categories, namely,
Grade I, II, and III. The clinical outcomes were evaluated with the visual analog scale (VAS) score
for neck and arm pain at 6 and 12 months.
Results: At approximately 12 months during the course of follow-up, the radiographs demon-
strated Grade I, II, and III new bone formation at levels 2, 7, and 18, respectively. None of the pa-
tients experienced implant-related complications, such as cage failure or migration. Clinicaleurosurgery, Department of Surgery, Cathay General Hospital, Number 280, Section 4, Ren-Ai Street,
gmail.com (J.-S. Huang).
ight ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights reserved.
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110 M.-Y. Chang et al.outcomesevaluatedwith theVAS score demonstrated a significant improvement in both neck and
arm pain. No complications associated with the use of PEEK cages were observed.
Conclusion: The anterior cervical fusion using the PEEK cage with calcium sulfate demonstrated
positive radiologic and clinical outcomes. Therefore, the use of the PEEK cage packed with Sti-
mulan is a safe and effective alternative to autologous iliac bone grafts.
Copyright ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Anterior cervical discectomy and fusion (ACDF) has become
a common operative procedure for degenerative disc dis-
ease and cervical spondylosis associated with radiculopathy
or myelopathy. The technique, which uses an anterior iliac
bone graft for an anterior interbody fusion, has been the
gold standard, with high success rates. However, the har-
vest of autogenous grafts from the iliac crest is associated
with donor-site complications, including persistent donor-
site pain, infection, hematoma formation, and iliac crest
fractures.1,2 Therefore, several graft substitutes, including
xenografts, allografts, and artificial bone substitutes, have
been developed to overcome these problems.
With regard to xenografts, complications commonly re-
ported are an immunologic response surrounding the graft,
collapse of the graft before fusion, poor osseointegration or
fusion, and disease transmission.3 Espersen et al while
reviewing 1106 patients found that although functional results
equivalent to those of an autograft were achieved, xenografts
were associated with increased rates of reoperation.4 The
allograft is another commonly used alternative to autografts
and has advantages such as the avoidance of donor-site
morbidity, greater supply, and a reduced operating time.5
Nevertheless, allograft substrates are difficult to stan-
dardize, given the heterogeneity of the donor population.
Consequently, synthetic bone substitute materials have been
developed to deal with concerns regarding disease transfer,
limitations of supply, and inconsistency. Calcium phosphate
ceramics, tricalcium phosphate (TCP) and hydroxyapatite
(HA), are themostwidely evaluated of thesematerials for use
in the cervical spine. Generally, TCP and HA achieve accept-
able fusion rates and clinical outcomes at a reasonable price.
However, HA is usually considered nonabsorbable, and the
persistence of the graft material can be linked to some poor
clinical outcomes.6 By contrast, porous TCP scaffolds are
stated to have high rates of cell- and chemically medicated
dissolution, which may cause adverse biological reactions to
the scaffolds by microparticle-induced inflammation and sur-
face instability.
Another bioceramic that can be used for bone-graft
substitutes is calcium sulfate. Calcium sulfate has been
successfully used in long-bone defects, and defects in the
calvaria and the mandible. Furthermore, it has been used
as a carrier in various studies for the in vitro elution of a
variety of antimicrobials, including vancomycin, teicopla-
nin, clindamycin, gentamicin, and daptomycin.7,8 Although
many studies have investigated the effectiveness of these
substrates, there is no current option that is conclusively
superior to an autograft.9High rates of nonunion and graft collapse have been
controversial issues in the use of allografts and bone sub-
stitutes for ACDF.10,11 Synthetic interbody cages have been
developed both to achieve an immediate stability and suc-
cessful bone fusions.12e14 Titanium- or carbon-fibered cages
were widely used for cervical interbody fusion. However,
subsidence, migration, and structure failure have occurred
fromusing these cages.15,16 Radiologic assessment of fusion is
difficult for each of these two materials. Despite the advan-
tage of radiolucency, carbon cages have been associatedwith
a high rate of pseudarthrosis due to mechanical stress-
shielding of the cage and decreased bone-to-bone con-
tact.14 Polyetheretherketone (PEEK), which is a nonabsorb-
able biopolymer that has been used in a variety of industries,
including medical devices, is biocompatible and radiolucent.
The modulus of elasticity of PEEK is similar to that of bone.17
This distinguishing feature is thought to prevent the cage
subsidence inducedbymetallic cages. ThePEEK cages, unlike
Trabecular Metal cages, are not osteoinductive, and there-
fore, require an agent to promote fusion.18 The hollow center
of thePEEKcages provides a spacer for fusionmaterials that is
integral to achieving a successful fusion.
The objectives of this study were to assess the efficacy
of PEEK cages filled with a synthetic crystallic semihydrate
form of calcium sulfate for an ACDF.
2. Materials and methods
2.1. Study population
Twenty-four patients who underwent an ACDF using the
Fidji cage from July 2006 to February 2009 were included.
Surgical indications were limited to degenerative cervical
disc disease and cervical spondylotic radiculopathy or
myelopathy. The retrospective investigation was conducted
in June 2010. We enrolled 15 men and nine women. The
mean age was 50.9 years (range: 22e77 years). The de-
mographic data and the affected cervical levels are shown
in Table 1.
2.2. Surgical procedure
The surgical procedure was performed using a standard
anterior cervical discectomy technique. Under the micro-
scope, the protruded disc compressing the roots or cord was
totally resected after an adequate distraction. The vertebral
end plates were curetted to remove the cartilage, and the
posterior osteophytes were removed with a Kerrison punch
after drilling. TheFidji cage (Zimmer spine, Bordeaux-Cedex,
Table 1 Demographic data of patients.
Characteristic Patients (n Z 24)
Gender
Male 15
Female 9
Age 50.9 (23e77)
Radiculopathy 10
Myelopathy 9
Radiculomyelopathy 5
Level
C3e4 3
C4e5 6
C5e6 15
C6e7 3
One level 21
Two levels 3
PEEK cages filled with calcium sulfate 111France) was then packed with Stimulan (Biocomposites Ltd.,
Keele, Staffordshire, UK), which is a synthetic crystallic
semihydrate form of calcium sulfate, and inserted into the
disc space. The Fidji cage has a hollow center with 1-mm ti-
tanium spikes centrally located on both the superior and the
inferior surfaces (Fig. 1). The implant is available in four
heights of 5.3, 6.1, 6.9, or 7.7 mm and two widths of 15 or
17 mm. The alternatives for the internal anteroposterior
depthare12and14mm.The cage is radiolucent, but titanium
markers aid in the localizing and correct positioning on plain
radiographs. Before closure of the superficial layers, an
intraoperative lateral fluoroscopic control was performed to
determine the correct position of the cage (Fig. 2). All pa-
tients were braced after surgery with a cervical collar for 4
weeks; early ambulation was encouraged.
2.3. Radiological and clinical assessment
Plain lateral radiographs were taken immediately after
surgery and 6 and 12 months after the operation. At least 12
months after the surgery, the final follow-up neutral
lateral, flexion, and extension radiographs were taken. The
anterior disc height (ADH), interbody height (IBH), and
segmental interbody angle (IBA) were measured on neutral
lateral radiographs with the patient standing (Fig. 3). TheFigure 1 (A) The Fidji cage and Stimulan.fusion status was assessed using plain lateral flexion and
extension radiographs obtained 12 months after the sur-
gery. Fusion was assessed by examinations for trabecular
continuity and bridging of the bone across the disc space.
New bone formation was classified into three grades,
namely, Grade I, which indicated that the bridging bone
partially filled the cage; Grade II, which indicated that the
bridging bone filled the cage; and Grade III, which indicated
that the bridging bone was within and around the cage
(Fig. 4). The visual analog scale (VAS) scores were measured
before surgery and 6 and 12 months after the operation by
phone or at the outpatient department. The results were
evaluated with the paired t test and SPSS program.3. Results
Twenty-four patients underwent an ACDF. All patients were
followed up for at least 1 year (mean: 16.9; range: 12e30
months). Twenty-one patients underwent a single-level
ACDF and three patients had a two-level ACDF, for a total
of 27 levels. C5e6 was the most common (15/24) level of
disc surgery in this series. The mean age was 50.9 years
(range: 23e77 years). The demographic data of patients are
shown in Table 2.
3.1. Radiological outcome
The mean preoperative ADH was 6.33  0.71 mm. The mean
ADH immediately after surgery was 8.24  0.74 mm; at the
final follow-up it was 7.55  0.68 mm (p < 0.05 before
surgery vs. after surgery, p < 0.05 before surgery vs. final
follow-up). The mean loss of correction at the final follow-
up was 0.69  0.35 mm. The mean preoperative IBH was
37.16  2.50 mm. The mean IBH immediately after surgery
was 38.99  2.78 mm, and at the final follow-up it was
37.87  3.15 mm (p < 0.05 before surgery vs. after surgery,
p < 0.05 before surgery vs. final follow-up). The mean loss
of correction at the final follow-up was 1.12  1.38 mm.
The mean preoperative IBA (kyphotic angle) was
4.18  2.15. The mean IBA immediately after surgery was
6.16  1.64. The mean IBA at the final follow-up was
4.18  1.28. The surgery resulted in a significant reduc-
tion in the regional kyphotic angle (p < 0.05). However,
there was no significant difference between the(B) The Fidji cage packed with Stimulan.
Figure 2 (A) Intraoperative view of the cage replacing the disc space. (B) Intraoperative lateral fluoroscopic control was carried
out to determine the correct position of the cage.
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after the surgery, the fusion rate was 92.6% (25/27 levels).
The plain radiographs revealed a Grade I fusion at two
levels, a Grade II fusion at seven levels, and a Grade III
fusion at 18 levels. There was no cage extrusion, migration,
or breakage in the postoperative follow-up. Figs. 5 and 6
demonstrate the condition of the bone fusion in the series
follow-up.
3.2. Clinical outcomes and complications
During the period of clinical follow-up, there were no major
complications such as spinal cord or cranial nerve injury,
major vascular injury, infection, or esophageal injury. Neck
and arm pain improved after surgery. The mean preopera-
tive neck VAS score was 7.8  0.8. The mean neck VAS score
was 2.8  0.6 and 2.1  0.7 at 6 and 12 months, respec-
tively. The mean preoperative arm VAS score was 8.1  0.9.
The mean arm VAS score at 6 and 12 months was 2.7  0.8
and 1.8  0.7, respectively.
4. Discussion
In the 1950s, anterior surgery of the cervical disc with
fusion using an autograft from the iliac crest was first
introduced. The PEEK cage used in this approach, devel-
oped in the past two decades, was a remarkably elegantFigure 3 Measurement of ADH, IBH, and IBA. ADHZ anterior
disc height; IBA Z interbody angle; IBH Z interbody height.solution to the problem that early surgeons faced with
donor-site complications. The clinical outcome was satis-
factory compared with other cage materials.
The Fidji cage is made of PEEK material, which has an
elasticity modulus similar to that of bone. This property
may contribute to minimizing the subsidence rate and
optimizing the interaction of the compressive forces at the
graftehost interface. The titanium spikes provide an indi-
cator for the appropriate location of the cage impaction
and for anchoring the vertebral body. The risk of device
extrusion of the Fidji cage, which can interfere with an
immediate solid fixation between the cage and the adja-
cent vertebral bodies, is low. Moreover, the bone grafts can
be embedded in the hollow center of the cage and create a
successful bone fusion. There is no migration or extrusion of
the cages in our postoperative follow-up.
Bone grafts and their artificial substitutes have been
commonly used for this purpose at the site of arthrodesis.
Chau and Mobbs reviewed articles and compared the clinical
outcomes, fusion rates, and complications of individual
bone-graft substitutes.9 Packing different bone-graft sub-
stitutes in the hollow center of the PEEK cage has been dis-
cussed in various studies recently. Boakye et al reported
results obtained in 24 patients with cervical disc disease who
had undergone an ACDF involving the placement of PEEK
cages filled with recombinant human bone morphogenetic
protein (rhBMP-2) and anterior plating. The radiographic
fusion rate was 100%.19 Cho et al compared the results of 40
patients who underwent an ACDF with PEEK spacers filled
with an autogenous iliac cancellous bone graft and a com-
parable group in which the patients underwent ACDF with
autogenous tricortical iliac crest graft. A complete fusion
rate occurred in 100% of the patients with autogenous iliac
cancellous bone grafts and in 93% of those with tricortical
iliac crest grafts.12 Liao et al reported the results obtained in
19 patients who underwent an ACDFwith the replacement of
the cancellous allograft bone, which was harvested from the
femoral condyle during a total knee arthroplasty, and
embedded in the PEEK cage. The fusion ratewas 100%.20 Park
et al enrolled 31 patients with spondylotic cervical disease
who received an ACDF with the placement of a PEEK cage
packed with a putty form of demineralized bone matrix
(DBM, Grafton; Osteotech Inc., Shrewsbury, NJ, USA) mixed
Figure 4 Classification of fusion grade: (A) partial filling of the cage; (B) filling of the cage; (C) within and around the cage.
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terior bony spurs. A total of 97% of patients demonstrated
radiographic fusion.21
According to other series in the literature, a single-level
ACDF with autologous bone can achieve a 92e100% fusion
rate.22 In our study, the fusion rate was 95.2% (20/21) in a
single-level ACDF and 83.3% (5/6) in a two-level ACDF. One of
the two cases with poor bone fusion was a level two ACDF.
The only patient suffering froma poor bone fusion in a single-
level ACDF had a poor medical condition, with diabetes
mellitus and hypertension. The low value in the loss of the
correction between the immediate postoperative condition
and that in the final follow-up demonstrated the biocom-
patible elasticity of PEEK cages. Both the IBH and ADH were
greater in the final follow-up than before operation. The
results show that the proper expansion of neural foramen
may have led to the relief of symptoms.
The duration of the bone fusion from the calcium sulfate
was 12 months, which is shorter than in the in vitro study.
This fusion time is not very different compared with the
allograft. Furthermore, there was a “radiolucent” period in
the radiographic follow-up in the 6th to 9th months. This
result was probably caused by reabsorption of the calcium
sulfate.
Stimulan is a synthetic biocompatible bone-graft mate-
rial made from calcium sulfate. It can be completelyTable 2 Radiological values, measured preoperatively, postope
Parameter Preoperative Postoperative (at 2 w
ADH (mm) 6.33  0.71 8.24  0.74
6.33  0.71 d
d 8.24  0.74
IBH (mm) 37.16  2.50 38.99  2.78
37.16  2.50 d
d 38.99  2.78
IBA () 4.18  2.15 6.16  1.64
4.18  2.15 d
d 6.16  1.64
Values are mean  standard deviation.
ADH Z anterior disc height; IBA Z interbody angle; IBH Z interbodyreabsorbed and replaced by new bone. It has been used as a
biodegradable carrier in various studies for the in vitro
elution of a variety of antimicrobials, including moxi-
floxacin and daptomycin, for potential use in the treatment
of bone infections.7,23,24 In patients with poor medical
conditions who received an ACDF, there is an increased risk
of bone or soft-tissue infection, and therefore, using the
Stimulan as an antibiotic carrier may be an alternative
method for preventing poor results in the future. This re-
quires more evidence to prove the hypothesis.
Cervical artificial disc replacement, which aims to pre-
serve the segmental range of motion, has been increasingly
popular among cervical spine surgeons since 2002.25 How-
ever, the limited indications and high cost of the artificial
disc make the ACDF method difficult to accept. Among the
variable bone-graft materials used with the PEEK cage,
calcium sulfate is relatively cheaper compared with bone
morphogenetic protein and DBM. Furthermore, the cost of
both the PEEK cage and stimulant are covered by the Bu-
reau of National Health Insurance in our country. Thus,
ACDF with a PEEK cage and the Stimulan is the most cost-
effective solution in anterior cervical disc surgery.
There were several limitations in our study. First, the
design was retrospective, and the sample size was rela-
tively small. Besides, comparison between plating and
nonplating groups was not conducted in the study. Furtherratively, and at final follow-up.
eeks) Last follow-up (12 months) p
d <0.05
7.55  0.68 <0.05
7.55  0.68 <0.05
d <0.05
37.87  3.15 <0.05
37.87  3.15 <0.05
d <0.05
4.18  1.28 >0.99
4.18  1.28 <0.05
height.
Figure 5 A 50-year-old female with C5e6 radiculopathy. The “radiolucent” phenomenon appeared at the 6-month follow-up and
the duration of the bone fusion was approximately 12 months. (A) X-ray before operation; (B) 1-week postoperative follow-up;
(C) 6-month postoperative follow-up; (D) 12-month postoperative follow-up; (E) 18-month postoperative follow-up.
Figure 6 A 46-year-old male patient with radiculomyelopathy. (A) 12-month postoperative computed tomography shows Grade III
fusion; (B) 6-month postoperative magnetic resonance imaging shows no cord compression.
114 M.-Y. Chang et al.investigations for these two groups may give us more in-
formation about the factors that lead to poor fusion of the
bones.
5. Conclusion
There were positive clinical and radiologic outcomes in our
experiencewith anterior cervical surgery using the Fidji cage
packed with Stimulan. In addition to avoiding the complica-
tions caused by the harvesting of bone from a donor site, thecage was fixed firmly to the end plates of the adjacent
vertebral bodies. Subsequently, the use of the PEEK cage
packed with Stimulan is a safe and effective alternative to
autologous iliac bone grafts in ACDF operations.
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